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Abstract: Solar refrigeration represents an important application of solar energy due to the excellent matching 
between the high sun shine and the refrigeration needs. The absorber heated by solar energy contains an activated 
carbon–ammonia pair. A mathematic model for adsorption bed using activated carbon-ammonia working pair is 
established in this paper. It is built on certain assumption about the established model and operational condition. The 
characteristics of flow and heat transfer in fluid are obtained by using of finite control volume method in CFD. The 
computational results show that new adsorption bed has better coefficient of heat transfer and lager heat transfer field, 
and also, the thermal conductivity of adsorbent, the flow rate and the temperature of the heat transfer fluid have an 
important effect on the temperature of bed, which offered the reference foundation for optimizing design of 
adsorption bed.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1 Introduction 
Solar refrigeration represents an important application of solar energy due to the excellent matching 
between the high sunshine and the refrigeration needs. It constitutes the best manner of utilization of solar 
energy due to the in-phase rapport between the availability of the solar radiation and the cooling 
requirements. Roughly 80% of our energy consumption comes from fossil fuels and therefore non-
renewable resources [1]. The use of such refrigeration systems in the remote part of developing countries, 
where there is a shortage of electricity supply, is useful for storage of medical products, foods or habitat 
comfort [2].An alternative solution for this problem is to make use of solar energy which is available in 
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most areas and represents a good source of thermal energy [3]. Adsorption bed is a kind of environmental 
friendly refrigeration that can use solar energy effectively and do no harm to the environment. While its 
structure is simple, without moving parts, low noise, long service life, so it is very potential refrigeration. 
Adsorption refrigeration system is based on the consumption of heat source; adsorption bed is the core 
component of adsorption refrigeration system. [4,5]  
This paper aims to research adsorption bed heat transfer characteristics by computational fluid 
dynamics (CFD), establishes the convection heat and mass transfer model which base on activated 
carbon-ammonia. Through numerical simulation analysis mechanism of action and the change law of 
temperature field between adsorbent and fluid in the ribbed plate adsorption bed, and it also compares the 
temperature field between ribbed plate, and plate structure, which provides the theory basis for the 
optimization design of the adsorption bed. 
2 CFD model of ribbed plate adsorption bed 
2.1Geometric model of ribbed plate adsorption bed 
Fin plate type adsorption bed is making up of clapboard, fin, seal and cover as shown in figure 1. 
Heating and cooling fluid flow through the side channels at the same time when it uses for heating and 
cooling; Activated carbon particles fill in the side channels. 
Fig 1 Ribbed plate type adsorption bed Fig 2 Plate type adsorption bed
Fin channel size in the core of ribbed plate heat exchanger is millimeter in magnitude, and length is in 
meters, therefore it is need to establish the reasonable simplified model when we simulate the flow and 
heat transfer in the ribbed plate heat exchanger. Considering the fin channel heat transfer and flow 
characteristics have obvious periodical, intercept part fins as computing unit when we establish the 
mathematical model. Take width between two ribs as the model width, and its length is 120mm. 
In order to compare the heat and mass transfer of four adsorption beds which are ribbed plate type and 
plate type, setting the activated carbon amount of two kinds adsorption beds is same, flow and entrance 
parameter of thermal fluid are the same, initial condition is also the same. Two kinds adsorption beds 
model (see Fig 1 and Fig 2) are shown 。
2.2 Mathematical model of ribbed plate adsorption bed 
2.2.1 Theoretical assumptions 
It is need to simplify the model reasonably so as to facilitate the calculation, this paper made the 
following assumptions: 
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1) Suppose absorbent reactant in the adsorption bed is isotropic; Refrigerants gas of adsorption bed 
remain the state of qi, ignore the heat transfer of adsorption and its steam. 
2) Filling length of active carbon is far more than radial height, therefore axial heat conduction and 
mass transfer should be ignored. 
3) Fin is very thin; its thickness is much less than the height, and coefficient of heat conductivity of 
which is great, ignores temperature gradient along the thickness direction. 
4) Ignore thermal resistance of the metal wall between adsorption bed and heat flow and contact heat 
resistance inside the adsorbent and fin. 
5) This article analyze the heat conduction inside the porous media by the effective equivalent method, 
namely hypothesis porous medium solid, liquid and gas effect on a continuum in the integrated heat 
conduction effect, equivalent thermo physical parameters as the related thermo physical parameters of 
this continuous media. 
Porous media packed bed is imagined as layered bed which is distribution disorderly by the spherical 
particle with the same diameter; Kaganer gives the effective thermal conductivity as follows: 
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λ= − gλ as the thermal conductivity of gas, sλ as the thermal conductivity of 
solid particle. ε as porosity. 
Heat capacity at constant pressure calculated by effective equivalent method as follows: 
pg pg s ps pC C Cερ ρ ρ+ =                                                                                                                           （2）
Cpg as heat capacity at constant pressure of gas ,Cps as heat capacity at constant pressure of solid 
particle, Cp as equivalent heat capacity. 
According to the above assumptions, use adsorption heat、desorption heat in the process of adsorption 
and desorption which happen in adsorbent bed as additional inner heat source in energy equation, which 
can get the basic equation of heat transfer. 
Fluid heat transfer、wall conductivity、conductivity within the adsorption bed as well as heat transfer 
and mass transfer in the bed are interacting and restricted, which is a typical coupling problem. Take 
fluid、wooden partition、adsorbent bed as object of study, and establish their own heat equation. 
2.2.2 Stiffened plate type adsorbent bed heat transfer and flow mathematic model 
Adsorbent side energy equation：
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Finned energy equation：
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3. Analysis of calculation results 
To facilitate analysis the effect of parameter variation to the adsorption bed temperature, and get the 
important factor influence temperature distribution in the adsorption bed, now numerical analysis of 
adsorption bed is to get bed temperature distribution and the temperature changes with time. We discuss 
respectively as follows: (1) fluid velocity (2) inlet temperature of fluid (3) the effect of coefficient of heat 
conductivity of adsorbent to the performance of adsorption bed. 
   
3868  Shu Xu / Procedia Engineering 15 (2011) 3865 – 3869Shu Xu/ Procedia Engineering 00 (2011) 000–000 
0 60 120 180 240 300 360 420
296
304
312
320
328
336
344
352
 Ribbed-plate u=2m/s
Ribbed-plate u=1.2m/s
Ribbed-plateu=0.5m/s
plate u=2m/s
 plate u=1.2m/s
 plate u=0.5m/s
T
/K
t/s
0 80 160 240 320 400 480
304
312
320
328
336
344
352
360
 Ribbed plate  T=343K
Ribbed plate T=353K
Ribbed plate T=363K
 plate  T=343K
 plate  T=353K
 plate  T=363K
T
/K
t/s
Fig 3 The effect of heat transfer fluid flow to        Fig 4 The effect of inlet temperature of heat 
the temperature of bed                                                exchange fluid to the bed temperature
3.1 The effect of heat transfer fluid flow to the temperature of bed 
From the Fig 3, we can see that the larger the velocity, the greater the temperature gradient, the shorter 
time to get equilibrium temperature, so the large velocity can shorten the cycle time, it can also improve 
the refrigerating capacity of the system. From charter we know that the temperature of adsorption bed 
dose not change significantly as the change of velocity, which is main because heat conduction of 
adsorption bed is worse. In the same flow conditions, temperature of ribbed plate type adsorption bed is 
significantly greater than the plate-type adsorption bed. So increasing the heat exchange area of 
adsorption bed is beneficial to the strengthening of heat transfer. 
3.2The effect of inlet temperature of heat exchange fluid to the bed temperature 
From the Angle of dynamic analysis, the increasing of heat source temperature is main to improve 
adsorption bed temperature and heating rate, therefore, improving the resolution temperature of the 
system under the same cycle and increasing the circulation desorption quantity can improve desorption 
quantity. From the temperature trend of Fig 4, high temperature heat source can shorten the time 
adsorption bed get the desorbed temperature, thus the cycle is shorten. From the cycle, increasing the heat 
transfer area is beneficial to the heat exchange of desorption bed, and cycle time is also shorten. 
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Fig5 Thermal conductivity on the influence of the temperature of beds 
3.3 The influence of thermal conductivity 
By the Fig 7, when the thermal conductivity of bed increase to 2 from 0.2, it achieve the same bed 
temperature need time shortens greatly. Therefore, to make the bed temperature conduct in short time 
from outside to inside and temperature field is uniform, improving the thermal conductivity of adsorption 
bed is necessary, also be very effective; And the heat transfer performance of ribbed plate adsorption bed 
is superior to plate adsorption bed, the heat transfer performance of fin-tube adsorption bed is superior to 
tubular adsorption bed. 
From Fig 5~7, when heating the adsorption bed, the temperature of adsorption bed is increasing with 
the increasing of time. At beginning it increase rapidly, when it reach a certain value, the speed of 
increase gradually slow down, finally stable. This is due to when the adsorption bed began to be heated; 
heat fluid first needs to heat metal wall. When the temperature of the mental is close to the heat fluid, 
temperature gradients within bed achieves maximum, this time heat transfer speed in bed is large, the 
amplitude of temperature increase in large. When the bed temperature reaches a certain value, as the heat 
transfer temperature gradient is decrease, the heat transfer within the bed is difficult, and then the 
temperature of adsorption bed changes slower with the increasing of time, and gradually become stable. 
4. Conclusion 
It is worth to mention is that above analogy computation is under the other condition of system is the 
same; the purpose is to simply compare the difference of system performance which owns to the 
difference of adsorption bed structure. Through establishing the mathematical model of the adsorption 
bed, we can get following conclude by analysis the simulated result. 
(1) When other conditions is the same, the heat transfer performance of ribbed plate adsorption bed is 
superior to plate adsorption bed, the heat transfer performance of fin-tube adsorption bed is superior to 
tubular adsorption bed. However, because the capacity of metal tube and accumulate of adsorbent are 
small, so refrigeration output is small. Ribbed plate type adsorption bed could not only reduce the heat 
loss, and beneficial to adsorption bed temperature distribution. 
(2) Increasing the coefficient of heat conductivity of adsorbent, inlet temperature and flow velocity of 
heat source can improve heat transfer efficiency, shorten cycle time, improve the capacity of refrigerating 
output of the unit, To improve heat transfer performance of adsorbent, its materialization is very 
important. Also, the influence of the inlet temperature of heat fluid is greater than Inlet flow velocity. 
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